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Abstract
Background and Purpose: Many patients diagnosed with cryptogenic stroke or transient ischemic attack are subsequently
found to have atrial fibrillation (AF) on outpatient cardiac telemetry monitoring. Identification of predictive factors for the
detection of AF could assist with patient selection to increase the yield of telemetry and hasten initiation of appropriate sec-
ondary stroke prevention. Methods: This was a retrospective cross-sectional study of patients diagnosed with cryptogenic
stroke at a comprehensive stroke center and referred for at least 21 days of prolonged outpatient telemetry. Telemetry reports
and data from the patient’s stroke hospitalization, including imaging studies, electrocardiogram (EKG), echocardiogram, vital
signs, and laboratory data, were reviewed. Results: Ten percent of the 121 patients included in the study were diagnosed with
AF based on outpatient telemetry. There was a strong association between presence of premature atrial contractions (PACs) on
admission EKG and subsequent detection of AF (P ¼ .004). Large left atrial diameter on echocardiogram was correlated with AF
detection in males (P ¼ .024). However, there was no association between AF and other echocardiographic measurements.
Thyroid-stimulating hormone (TSH) levels were significantly higher in patients with cryptogenic stroke having AF (P¼ .008), with
a TSH greater than 4.20 mIU/L predictive of detection of AF (P < .001). Conclusions: Atrial fibrillation was found by outpatient
monitoring in a notable percentage of patients with cryptogenic stroke. Predictors of occult AF in our study population included
PACs and higher TSH levels. Although an association between low TSH and AF has been well established, our results suggest that
high TSH may be a predictive factor as well.
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Introduction

Stroke is the leading cause of functional impairment and the

fifth leading cause of death in the United States.1 Despite

advances in treatment of ischemic stroke, prevention is essen-

tial to reduce the morbidity and mortality associated with

stroke. Cryptogenic stroke or stroke of undetermined etiology

currently accounts for up to one-third of all strokes and can be

a diagnostic dilemma.2-6

A frequent cause of cryptogenic stroke is thought to be

paroxysmal atrial fibrillation (AF) that eludes detection at the

time of initial stroke workup. Identification of the underlying

arrhythmia is critical, as institution of appropriate anticoagu-

lant therapy can decrease recurrent stroke by up to 60%.7

Atrial fibrillation is associated with at least a 4-fold increased

stroke risk,8 and paroxysmal AF increases the risk of stroke

similar to that of sustained AF.9,10 The general prevalence of

AF is about 1% but increases to 9% in those greater than

80 years of age.1 Patients with cryptogenic stroke who under-

went outpatient telemetry monitoring were found to have a

significant detection rate of AF, ranging from 4% to 24%, and

those who were monitored for longer periods had higher rates

of AF detection.11-18 Identification of predictors for the detec-

tion of AF could assist with patient selection to increase the

yield of telemetry and hasten initiation of appropriate second-

ary stroke prevention.

We sought to identify the detection rate of AF in patients

without identifiable cause of stroke (cryptogenic) who were

referred for outpatient cardiac telemetry. We also assessed for

association between variables on index admission such as

cardiac characteristics, vascular risk factors, and subsequent
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detection of AF during prolonged outpatient cardiac telemetry

in this population.

Materials and Methods

This was a retrospective cross-sectional study of patients diag-

nosed with cryptogenic stroke or transient ischemic attack

(TIA) at a comprehensive stroke center (University of Florida

Health) who were subsequently referred to outpatient teleme-

try (CardioNet; BioTelemetry, Inc, Malvern, Pennsylvania)

for arrhythmia monitoring. Patients were monitored with

either a CardioNet mobile cardiology outpatient telemetry

(MCOT) device or an event monitor, both of which provided

automatic arrhythmia detection. Patients were referred for out-

patient telemetry based on clinical judgment of the treating

vascular neurologist. Decision of which monitor to provide the

patient was at the discretion of the CardioNet representative

based upon patient insurance coverage. The institutional

review board of University of Florida approved the study. The

board waived the need for informed consent as the study

involved no more than minimal risk.

A total of 242 patients were referred from University of

Florida (UF) Health neurology inpatient service and neurol-

ogy clinics between January 2012 and July 2015. Of these,

121 patients were included according to predetermined inclu-

sion and exclusion criteria. Patients were included if they

were determined to have cryptogenic stroke/TIA by the treat-

ing vascular neurologist after review of their vascular ima-

ging, telemetry, electrocardiogram (EKG), and

echocardiogram to exclude symptomatic significant carotid

stenosis, dissection, known AF, mechanical heart valve, car-

diac thrombus, cardiac mass, or cardiac vegetation. All

patients had vascular imaging to evaluate carotid arteries.

One hundred nineteen patients were evaluated with an echo-

cardiogram during hospitalization and the 2 patients remain-

ing had an echocardiogram during the month of index

admission which were unremarkable for mechanical heart

valve, cardiac thrombus, mass, or vegetation. Those with

AF noted on EKG or telemetry were excluded. Patients who

did not wear the prescribed cardiac monitor or those who

were referred for cardiac monitoring for other diagnoses (not

stroke or TIA) were excluded. All outpatient telemetry

reports were reviewed. In those patients with an abnormal

rhythm noted on cardiac monitoring who were referred to

cardiology, the subsequent cardiology notes were also

reviewed. Atrial fibrillation was defined according to the

CardioNet monitoring algorithm or as determined at discre-

tion of reviewing cardiologist in case of a cardiology referral.

There was no minimum cutoff for duration of AF.

The electronic medical record was examined for informa-

tion regarding each patient’s stroke or TIA. Imaging reports,

including MRI, MRA, CT, CTA, carotid duplex, and cardiol-

ogy studies such as echocardiogram and EKG on admission

were reviewed. The degree of atrial dilation noted on echo-

cardiography was defined according to the American Society

of Echocardiography’s Guidelines and Standards Committee

and the Chamber Quantification Writing Group (see table in

reference for exact dimensions used for each gender).19 Initial

blood pressure on admission, as well as laboratory studies

obtained during their hospitalization including glucose on

admission, thyroid-stimulating hormone (TSH), low-density

lipoprotein (LDL), vitamin B12, and hemoglobin A1c

(HbA1c), was reviewed.

Statistical Analysis

All statistical tests were performed with SPSS statistics (BM

Corp, Released 2013, IBM SPSS Statistics for Windows, Ver-

sion 22.0; IBM Corp, Armonk, New York). Continuous vari-

ables are presented as means (standard deviations). Nominal

variables are given as counts and proportions. The variables

were analyzed with independent samples t test and analysis of

variance and proportions with w2.

Results

Study Population

One hundred twenty-one patients were included. Clinical and

demographic data for these patients are presented in Table 1.

The mean age was 65.8 (11.3) years. There were 53% males

and 47% females. Seventeen percent of patients had transient

neurological symptoms compatible with TIA and 83% pre-

sented with persistent symptoms given the diagnosis of

stroke. All patients with stroke had imaging findings compa-

tible with their diagnosis, and 46% had multiple areas of

abnormal restricted diffusion noted on MRI diffusion-

weighted imaging. Mobile cardiology outpatient telemetry

monitoring was used in 62% of patients, and 38% had an

event monitor. Compliance with monitoring was suboptimal

as only 75% of patients transmitted data for greater than

14 days (82.7% [n ¼ 62] with MCOT and 63% [n ¼ 29] with

event monitor), despite all patients being prescribed a mon-

itor for 21 to 30 days.

Detection of AF and Association With Variables

Ten percent of patients (n ¼ 12) had newly diagnosed AF

detected by outpatient monitoring. Those with newly diag-

nosed AF had a slightly higher mean age (69.0 [6.2] vs 65.4

[11.7] years) but were not found to be statistically significant

(P ¼ .107). There were no differences in detection of AF

between hospital presentations as TIA (14.3%) versus stroke

(9%; P ¼ .461). A strong association was found between

occurrence of premature atrial contractions (PACs) noted

on admission EKG and AF later diagnosed through cardiac

monitoring (30.0%) versus those without AF detected (5.1%;

P ¼ .004).

For patients who underwent echocardiography during their

hospitalization, no statistically significant association was

found between atrial dilatation or wall hypokinesis and
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outpatient detection of AF. However, subgroup analysis iden-

tified a significant association between enlarged left atrial

diameter on echocardiogram and outpatient detection of AF

in males, with 28% (n¼ 2) of patients found to have diameters

within the range for severe dilatation (�5.2 cm) in the AF

group versus 0 in the non-AF group (P ¼ .024).

Thyroid-stimulating hormone levels were significantly

higher in the AF group than the non-AF group (3.5 [1.5] and

2.3 [1.5], respectively; P ¼ .008). Normal laboratory range for

TSH in our institution is 0.27 to 4.20 mIU/L. When patients

were divided into 3 groups (TSH less than 0.27, 0.27-4.20, or

greater than 4.2), there was a statistically significant association

between TSH > 4.20 and the detection of AF (P < .001). Only

10.7% of total patients fell into the high TSH group (TSH >

4.20; n ¼ 13) and yet 46.2% of those patients were found to

have AF during the monitoring period. Whereas no patients in

the low TSH group (TSH < 0.27; n ¼ 4) and 5.8% of the

patients in the normal TSH range (TSH: 0.27-4.20; n ¼ 104)

were found to have AF (Figure 1). Most of the TSH values were

in the range for subclinical hypothyroidism, with normal free

thyroxine (T4) values noted (Supplemental Table). There were

no statistically significant differences between groups in terms

of LDL, glucose, HbA1c, or B12 levels on admission.

Table 1. Clinical and Demographical Data of Patients Undergoing Outpatient Cardiac Monitoring.a

Clinical Variables (n ¼ 121) Atrial Fibrillation Detected (n ¼ 12) No Atrial Fibrillation Detected (n ¼ 109) P Value

Demographical data
Age, years, mean (SD) 69 (6.2) 65.3 (11.7) .107
Male, n (%) 7 (58.3) 57 (52.3) .691

Clinical presentation
TIA, n (%) 3 (25) 18 (16.5) .461
Multiple infarcts, n (%) 58.3 49.9 .378

Cardiac monitoring
MCOT, n (%) 9 (75) 66 (60.6)
Event monitor, n (%) 3 (25) 43 (39.4)

Admission data
Blood pressure, mm Hg, mean (SD)b 164.6 (29.7) 152.9 (25.1) .149
LDL, mg/dL, mean (SD)c 108.2 (21.7) 96.2 (36.5) .268
HbA1c, %, mean (SD) 5.8 (0.9) 9.5 (28.9) .662
TSH, mIU/L, mean (SD) 3.5 (1.5) 2.3 (1.5) .008
Glucose, mg/dL, mean (SD) 117.2 (23.0) 124.8 (58.3) .655
B12, pg/mL, mean (SD)d 673.3 (476.8) 641.4 (404.0) .807

Admission cardiac evaluation
PAC, n (%)e 3 (25) 5 (4.6) .004
PVC, n (%)e 1 (8.3) 7 (6.4) .735
LAD, n (%)c 4 (33.3) 31 (28.4) .769
Wall hypokinesis, n (%)d 1 (8.3) 11 (10.1) .832
Ejection fraction, %, mean (SD)d 60.5 (4.6) 59.7 (7.8) .736

Abbreviations: HbA1c, hemoglobin A1c; LAD, left atrial dilatation; LDL, low-density lipoprotein; MCOT, mobile cardiology outpatient telemetry; PAC, premature
atrial contraction; PVC, premature ventricular contraction; TIA, transient ischemic attack; TSH, thyroid-stimulating hormone.
aPercentages are listed in parenthesis.
bData available for only 120 patients.
cData available for only 118 patients.
dData available for only 119 patients.
eData available for only 109 patients.

Figure 1. Patients with atrial fibrillation (AF) grouped by thyroid-
stimulating hormone (TSH) levels (low [TSH: < 0.27], normal
[TSH: 0.27-4.20], high [TSH > 4.2]). There were 46.2% of patients
in the high TSH group who were found to have AF, and there
was a significant positive correlation between the 2 variables
(P < .001).
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Discussion

Atrial fibrillation was found on outpatient cardiac telemetry in

patients initially diagnosed with cryptogenic strokes. As men-

tioned previously, the detection rate of AF on outpatient car-

diac telemetry has been reported to be anywhere from 4% to

24%. The detection rate in this study was 10%, consistent with

previous studies. As would be expected, detection rates

improved if telemetry data were transmitted for 14 or more

days. Atrial fibrillation detection rate was 12% in those mon-

itored �14 days versus 3.3% in those monitored <14 days,

with a trend toward statistical significance (P ¼ .164). There

was a trend toward AF being detected more often in older

patients, but it was not significant in our study. Of note, most

of the patients in this study also underwent in-hospital tele-

metry and echocardiography, and prior studies have suggested

that the rate of detection of AF is lower in those who had

previous extensive cardiac imaging.18

Premature atrial contractions (PACs), with beats originat-

ing outside the sinoatrial node, were long thought to be a

benign arrhythmia; however, more recent data suggest that

frequent PACs may be associated with increased cardiovas-

cular hospitalization and mortality.20 The frequency of PAC

occurrence also correlates with a higher risk of AF.20,21 Our

study confirmed previous reports of PACs as a predictive

factor for detection of AF with cardiac monitoring in those

with cryptogenic stroke.13 This suggests that presence of

PACs in patients with unclear mechanism of stroke may

predict those most likely to benefit from prolonged outpati-

ent cardiac monitoring.

Hyperthyroidism has long been known to be associated

with AF.22,23 However, we found a statistically significant

association between higher TSH levels and detection of AF.

This suggests that thyroid dysfunctions, both hypothyroidism

and hyperthyroidism, may affect the cardiovascular system.

Indeed, hypothyroidism is associated with decreased cardiac

contractility, decreased cardiac output, ventricular irritability,

and coronary artery disease.24 Zhang et al25 demonstrated that

both hypothyroid and hyperthyroid rats had a significantly

increased susceptibility to AF. The original cohort of the Fra-

mingham Heart Study patients 60 years of age or older showed

that there was a significantly higher rate of AF in those with

low thyrotropin levels. However, there was also a nonsignifi-

cant trend for those with higher thyrotropin levels.22 There

have been case reports of patients with subclinical hypothyr-

oidism who developed AF.26 In addition, patients with sub-

clinical hypothyroidism were noted to have a higher incidence

of postoperative AF after coronary artery bypass grafting and

aortic valve replacement.27,28 It should be noted that the over-

whelming majority of patients with elevated TSH in our study

had subclinical hypothyroidism with normal free T4 levels.

Taken together, we suggest a correlation between subclinical

hypothyroidism and AF.

As noted above, hypothyroidism is associated with

decreased cardiac output and coronary artery disease; these

may exert an indirect effect on the atria, predisposing to

arrhythmias. Kolettis and Tsatsoulis propose that

subclinical hypothyroidism may lead to AF due to the

compensated state of thyroid hormones.26 They suggest that

during this state T4 is converted to the more active T3, and

the higher T3/T4 ratio may create an environment alike T3

thyrotoxicosis.26

There are reports of an association between subclinical

hypothyroidism and certain inflammatory markers (eg,

interleukin-6, C-reactive protein, erythrocyte sedimentation

rate),29 and likewise associations between those inflammatory

markers and AF have also been reported.30 Although a causal

relationship has not been established, it suggests that subcli-

nical hypothyroidism may not be as benign as previously

thought, and the association between subclinical hypothyroid-

ism and AF warrants further study. However, thyroid hor-

mones can also be acute phase reactants and may be

elevated in inflammatory states. Our study, found that TSH

elevation was correlated with AF detection. Whether this cor-

relation is due to an association with subclinical hypothyroid-

ism or inflammation warrants further study.

Although TIA can be difficult to define, we included TIA

in our study as it is our opinion that these patients benefit from

monitoring similar to those with cryptogenic stroke. We found

no significant difference in the detection of AF in the group

with index admission for TIA versus those with index admis-

sion for stroke. Prior studies have also noted detection of

occult AF in the cryptogenic TIA population. Tayal et al11

demonstrated the detection of AF by MCOT in cryptogenic

TIA or stroke. The Atrial Fibrillation in Patients with Crypto-

genic Stroke (EMBRACE)14 trial and the Cryptogenic stroke

and Underlying Atrial Fibrillation (CRYSTAL AF)31 trials

also included the cryptogenic TIA population. In the Crypto-

genic stroke and Underlying Atrial Fibrillation (CRYSTAL

AF trial, 15% of patients with TIA versus 8.3% of patients

with cryptogenic stroke had AF detected by 6 months with

implantable cardiac monitoring.31

Although we did not differentiate cortical versus lacunar

stroke patterns on imaging in this study, we did identify those

with multiple areas of abnormal restricted diffusion versus

those with a single focus of restricted diffusion during their

index admission. Surprisingly, there was no difference in AF

detection between these 2 populations. Although it is more

common to observe a cortical pattern, embolic strokes may

also appear lacunar. Macdonald et al32 reported that small

emboli can enter penetrating vessels resulting in lacunar

appearing strokes.

Potential limitations of our study are the relatively low

sample size and the retrospective design. This was a single-

center study conducted at a comprehensive stroke center and

thus may not be representative of patients diagnosed with

cryptogenic stroke following a more limited workup at a hos-

pital without vascular neurologists. Given lack of standardiza-

tion in timing of blood draws, it is unclear if thyroid hormones

were affected as acute phase reactants. Other limitations
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include the lack of follow-up thyroid hormones in the out-

patient setting; this is an area of interest for our future studies.

In addition, referral for long-term telemetry monitoring after

ruling out prior mentioned causes was based on discretion of

the treating neurologist whose own biases could potentially

have an unknown influence on our data.

Prior work by others identified older age, PACs, and

evidence of prior cortical or cerebellar strokes on imaging to

be independent predictors of AF in patients with cryptogenic

stroke.13,15 In our study, presence of PACs was also found to

be associated with AF. Of note, the work by Favilla and

colleagues did not identify any echocardiographic findings

to be predictors of AF, including left atrial size.15 However,

in our cohort, we found severe left atrial enlargement

(� 5.2 cm), to be a risk factor for AF only in men. The effect

of gender, severity of atrial dilatation, or possible differences

in the technique in estimation of left atrial size between the

2 institutions/cardiologist may be considered as potential

explanations for the different findings. Indeed, the degree of

atrial dilation, or left atrial diameter, was shown in several

studies to be positively associated with risk of AF.33-35 Other

potential markers of atrial cardiopathy (eg, P terminal force or

ProBNP) may be considered in future prospective studies but

were not available in this retrospective study.

In conclusion, AF is found in a significant portion of those

who were initially labeled as cryptogenic stroke. Evaluation

for occult arrhythmia is indicated in these patients, as it is a

highly modifiable risk factor. Premature atrial contractions

and elevated TSH were noted to be predictive factors for the

subsequent development of AF.
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16. Stahrenberg R, Weber-Krüger M, Seegers J, et al. Enhanced

detection of paroxysmal atrial fibrillation by early and prolonged

continuous holter monitoring in patients with cerebral ischemia

presenting in sinus rhythm. Stroke. 2010;41(12):2884-2888.
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